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Description 

This invention relates to a monochrome or color printing method and an apparatus for realizing the 
same and in particular to a scanning recording type printing method and an apparatus for realizing the 
5 same permitting to reduce worsening of the image quality in a high precision fine image recording. 

As a method for varying the recording area of each pixel in order to express light and shade of the 
image in a scanning recording type printing apparatus, there is known a method, by which image recording 
pulse signals are modulated in pulse width by means of data representing the depth. Apparatuses 
described in Japanese Patent Application un-examined publications Nos. 82-57679 and 82-99866 are its 
w concrete examples. 

In such a printing recording apparatus it is necessary to reduce each cell in size and increase the pixel 
density in order to be able to record an image with a high precision and a high fineness. The scanning 
direction and the size of each pixel in the scanning recording are determined by the scanning speed and 
the production period of the image recording pulse signal. Consequently, in order to make each pixel 
75 smaller, the production period of the image recording pulse signal must be shortened and the rate of the 
intermission must be increased. However, when the rate of the intermission of the image recording pulse 
signal is increased. The image quality has a tendence to be lowered. 

The reason will be explained concretely taking an electro-graphic laser beam printer as an example. 

In Fig. 2, a memory device 1 stores depth data of each of the pixels in image signals coming from an 
20 image read-out device or a computer (not shown in the figure) for one scanning line. The depth data are 
sent to a latch 2 in the form of pixel depth data DA for every pixel, depending on the position of recording 
scanning by a pixel clock signal PCLK1 given by a timing treatment circuit 4, which will be described later. 
Supposing that the pixel depth is represented by 16 degrees from "0" (white) to "15" (black), the pixel 
depth data DA are 4 bit data. In a pixel recording pulse signal generation circuit 9 the latch 2 holds (latches) 
25 the pixel depth data DA by a pixel clock signal PCLK2 given by the timing treatment circuit 4 and its 
holding period of time is equal to a period of time during which one pixel domain is scanned for recording. 
These pixel depth data DA held by the latch 2 are given to a comparator 5. A counter 3 which is a cyclic 4 
bit binary counter, counts clock signals CLK1 coming from a clock generator 10 under the control by a 
recording scanning signal LINE1 from the timing treatment circuit 4. 16 clock signals CLK1 are outputted for 
30 a period of time during which one pixel domain is scanned for recording. The counter 3 counts up from "0" 
(white) to "15" (black) and gives the content of the count as comparison data DB to the comparator 5. At 
the same time it gives a carry signal as pixel clock signal PCLK3 to the timing treatment circuit 4. The 
timing treatment circuit 4 generates the pixel clock signals PCLK1 and PCLK2, referring to the pixel clock 
signal PCLK3 and at the same time uses a detection signal LINE2 coming from a laser beam detector 8 as 
35 a recording scanning start synchronization signal for every scanning line. 

The comparator 5 compares the pixel depth data DA with the comparison data DB and generates a 2- 
value pixel recording pulse signal S, corresponding to 

"black" , if DA > DB 

"white" , if DA £ DB, 

40 which is given to a semiconductor laser circuit 6. A laser beam outputted by the semiconductor laser circuit 
6 is deflected in a region of an angle 6 so as to scan and illuminate an electro-graphic photo-sensitive drum 
7. In this way an electro-static latent image is formed th nd transferred to a recording paper, after having 
being developed with toner. After that, it is further fixed so as to be a record. 

Figs. 1(A) to 1(C) indicates a timing chart representing the working mode of the pixel recording pulse 

45 signal and the pixel recording in such a laser beam printer. (A) indicates the pixel number and the pixel 
depth data DA The abscissa t in (B) represents the time, in which T denotes the period of time necessary 
for scanning to record one pixel. The coordinate represents digital values corresponding to pixel depths, in 
which "0" indicates "white"; "15" indicates "black"; DA shows the pixel depth data; and DB shows the 
comparison data The abscissa x in (C) represents the position of the recording scanning of the laser beam 

50 and hatched regions show the recorded area for each of the pixels. 

In such a recording method, since the laser beam outputted by the semiconductor laser circuit 6 has a 
certain spread in the scanning direction, when this laser beam is interrupted by the pixel recording pulse 
signal S in the course of the scanning, the light quantity at both the border portions of the recorded dots in 
the main scanning direction on the pixel recording surface is inconveniently in an intermediate region 

55 between white and black and thus the depth of the record at these portions is unstable, what is a factor 
lowering the image quality. This is produced by the fact that the laser beam has a certain spread. 
Consequently, when, in order to record finer image with a high precision, pixels are made smaller and the 
number of interruptions of the laser beam is increased, the proportion of such unstable regions increases, 
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what gives rise to lowering the image quality. 

Such phenomena are not limited to the laser beam printer, but produced in common in photo-sensitive 

recording apparatuses, in which recording energy given to recording medium is interrupted and controlled 

in the course of scanning, stylus electro-static recording apparatuses, and scanning recording type 
5 recording apparatuses such as scanning illumination type electro-graphic printers using liquid crystal light 

switches and light emitting diodes. 

On the other hand, in the color printing by off-set printing, it is difficult to position net points (i.e. dots) 

to be printed with a high precision. For example, in the case of a multi-block printing with 4 blocks of cyan, 

yellow, magenta and Indian ink, when it is tried to superpose corresponding dots of different blocks on each 
w other, slight misalignment produces Moire fringes (interference fringes). Therefore, in practice, the screen 

angles of net points of different blocks are intentionally varied appreciably so that the net points of different 

colors are superposed at random, in order to prevent the production of low frequency Moire fringes. 

However, by this method, superposition of dots of different colors is irregular, what prevents to effect 

theoretical color correction. 

rs To the contrary, in a digital printer such as a laser beam printer, etc., since it is possible to position 
fairly precisely dots, even when it is tried to superpose corresponding dots of different blocks on each 
other, there are produced no Moire fringes. 

An article by SAYAN AG I published in Denshi-Shashin Gakkaishi (Journal of the Electro-Graphic 
Society) 23, No. 3 (1984) (in Japanese) has disclosed a "concentric solution model", by which the dots are 

20 printed by a digital printer so that their centers are superposed on each other (cf. Fig. 3(A)) and reported 
that 100% under color removal (UCR) is possible by this method (cf. Fig. 3(B)). If this concentric solution 
model could be realized ideally, a perfect UCR (100% UCR) and other various color correction theories 
would be efficacious. However, this concentric solution model has not taken the following points into 
consideration. 

25 1) Although the dots formed by printing are, in general, ideally printed at the central portion, but they 
are not precisely printed at the peripheral portion because of scattering of inks or unevenness of printing. 
According to the concentric solution model, since the net points other than the dot of the ink, which is at the 
top, exhibit their color by their peripheral portion, it is difficult to reproduce the precise color. 

2) When the UCR is effected according to the concentric solution model, since a block net point (dot) 
30 by an Indian ink block is at the top, other inks printed under the black net point come to nothing and in 

addition, the net point (dot) is apt to be transferred inperfectly because of the superposition of useless inks. 

3) Even by a digital printer, the net points of different colors deviate more or less from each other 
because of expansion or contraction of paper, etc. The concentric solution model is poor at this position 
divergence and the risk that Moire fringes are produced is high. 

35 To avoid the problems discussed above in connection with Figures 1A to C and Figure 2, US-4 040 
094, from which the first part of claim 1 starts out, describes a video signal processing circuit in which a 
linear, alternatively increasing and decreasing comparison signal is used instead of the sawtooth-shaped 
signal DD in Figure 1B. However, this circuit is not suitable for processing colour images without 
deteriorating the resolution. 

40 It is therefore the object of the invention to provide a printing method and apparatus of the scanning 
type which prints high quality colour images. 

The solution of this object is defined in method claim 1 and apparatus claim 7. 
producing the rear end of the recording pulse signal of the preceding recording side pixel in a pair of pixels 
just at the rear end of that pixel and the front end of the recording pulse signal of the succeeding recording 

45 side pixel just at the front end of the succeeding pixel so that the production of the recording energy 
between this pair of pixels is continuous and by making the region, where the recording depth is unstable, 
smaller, worsening of the image quality is reduced. 

The "pixel" is the smallest unit of spatial resolving power, when an original analogue image is quantized 
(digitalized) and in general it is defined so as to be sufficiently small. In a digital printer however, many net 

50 points are formed in this pixel and wherever the net points are written in this pixel, no differences 
therebetween cannot be recognized by a human eye. In other words, within a pixel, wherever the net points 
are moved, the movement itself doesn't lower the resolving power. For example, in the case where a pixel 
is large, the Bayer method is adopted, by which one pixel is represented by many small net points (dots), 
or a net point is formed at a position deviated from the center of the pixel in order to have a screen angle. 

55 According to this invention, attention is paid to this point and in full color printing by multi-block printing, the 
net points (dots) of each of the colors formed within one pixel are not concentrated to one point, which is 
the center of the pixel, contrarily to those in the concentric solution model, but they are suitably arranged 
within the pixel for every color. In this way superposition of the net points of different colors can be 
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controlled and as the result a high quality full color printing can be effected. 

Figs. 1 (A) - (G) represent a timing chart for explaining the working mode; (A) indicating pixel numbers 

and pixel depth data; (B) and (C) the working mode for production of the pixel recording pulse signal and 
. the pixel recording pattern according to prior art techniques; (D) - (G) are diagrams usefull for 
5 understanding the present invention and show the working mode for production of the pixel recording 

pulse signal and the pixel recording pattern for a single color. 

Fig. 2 is a block diagram illustrating the construction of a prior art laser beam printer; 

Figs. 3 (C) and (D) are schemes for explaining the principle of this invention in color printing, and Figs. 3 

(A) and (B) are corresponding schemes for explaining the prior art techniques; 
w Fig. 4 is a block diagram indicating a comparison data production circuit according to an embodiment of 

this invention; 

Figs. 5 (H) - (P) are schemes for explaining the working mode for production of the pixel recording pulse 
signal and the pixel recording pattern by means of the circuit indicated in Fig. 4; 
Fig. 6 shows graphs indicating more in detail the embodiment of this invention indicated in Fig. 3 (D); 
15 Fig. 7 is a block diagram indicating a circuit for obtaining the pixel recording pattern according to an 
embodiment of this invention; 

Fig. 8 shows graphs for explaining the working mode of the circuit indicated in Fig. 7; 
Figs. 9-11 show cases where the position of dots of one of the colors is controlled not only in the main 
scanning direction but also in the auxiliary scanning direction, indicating the position of dots, information 
20 given to the printer and the dot pattern recorded by printing, respectively; 

Fig. 12 is a block diagram indicating the construction of a circuit, which is another embodiment of this 
invention; 

Fig. 13 is a block diagram indicating the construction of a circuit, which is an embodiment of this 
invention; and 

25 Fig. 14 is a scheme for explaining the principle of the circuit indicated in Fig. 13. 

Figs. 1 (D), (E) and (F), (G) are timing charts illustrating the working mode of the production of the pixel 
recording pulse signal and the pixel recording for one of the colors. 

(D) shows the working mode of the production of the pixel recording pulse signal using the comparison 
between pixel depth data DA and comparison data DB, in which the magnitude of the comparison data DB 

30 varies so that it increases in the odd pixel number regions and decreases in the even pixel number regions. 
In this way, the position of production of the pixel recording pulse signal S generated by comparing the 
pixel depth data DA with the comparison data is so determined that in the odd pixel number regions the 
front end of the pixel recording pulse signal is in accordance with the front end of the pertinent pixel and in 
the even pixel number regions the rear end of the pixel recording pulse signal S is in accordance with the 

35 rear end of the pertinent pixel, i.e. the rear end of the recorded dot in the main scanning direction and thus 
in the example indicated in the figure the pixels No. 2 and No. 3, and No. 4 and No. 5 become continuous. 
Consequently, in the recording pixels recorded on the basis of this pixel recording pulse signal, as indicated 
in (E), the pixels No. 2 and No. 3, and No. 4 and No. 5 are continuous, respectively, and thus there are no 
border portions in the scanning direction between the pixels belonging to each of the pairs. Therefore the 

40 unstable region becomes smaller. 

(F) shows an example, where the magnitude of the comparison data DB decreases in the odd pixel 
number regions and increases in the even pixel number regions. In the recording pixels of this case, as 
indicated in (G), the pixels No. 1 and No. 2, and No. 3 and No. 4 are continuous. 

Now the pixel recording pulse signal production circuit used for such a pixel recording will be explained. 

45 The production of the pixel recording pulse signal by the comparison between the pixel depth data DA and 
the comparison data DB, as previously indicated in Fig. 1(D) can be effected by ameliorating the circuit 
generating the comparison data DB indicated in Fig. 2. Therefore, here this circuit generating the 
comparison data DB will be explained and explanation of the other circuits will be omitted. Further, each 
output terminal of each of the circuits and the signals produced are denoted with same reference numerals. 

so In Fig. 4, a counter 13 is a hexadecimal counter, which counts clock signals CLK1 inputted from a clock 
generator 10 to its clock terminal CLK. The recording scanning signal LINE1 outputted by the timing 
treatment circuit 4 is at the high level during the recording scanning. The counter 13 stated above counts 
the clock signals CLK1, when this recording scanning signal LINE1 inputted to the clear terminal CLR is at 
the high level and it is cleared to "0 n , when the signal LINE1 is at the low level. The output signal Q13 of 

55 the counter 13 is inputted as it is to an input terminal A of a data selector 14 and the reversed value of the 
output signal Q13 is inputted to another input terminal B thereof. That is, when the output signal Q13 of the 
counter 13, "0" is inputted to the input terminal A and "15" to the input terminal B. This data selector 14 
outputs the input signal selectively at one of the input terminals A and B stated above, depending on the 
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signal level inputted to its selection control terminal Sel. To this selection control terminal Sel is given the 
output signal Q12 of an RS flip-flop (hereinbelow abbreviated to FF) 12. A latch 15 outputs the signal 
inputted to its input terminal D as it is from its output terminal as the output signal (Q15 (comparison data 
DB) and effects data latch, depending on the signal level of the pixel clock signal given to its enable 

5 terminal En. Further the carry signal outputted to the carry terminal Car of the counter 13 stated above is 
reversed to become the pixel clock signal PCLK3, which is supplied to the timing treatment circuit 4, to the 
clock terminal CLK of FF 12 and to the enable terminal En of the latch 15. 

In the construction of the circuit described above, when the recording scanning signal LINE1 outputted 
from the timing treatment circuit 4 is at the high level, the counter 13 counts the clock signals CLK1 given 

70 by the clock generator 10 and increases the value of the counting output signal Q1 3. When the value of the 
counting output signal Q13 reaches "15", a carry signal is produced at the carry terminal Car. When the 
data selector 14 is set at the initial state so that the signal at the input terminal A is selected to be 
outputted, the comparison data DB, which are the output signal Q15 of the latch 15 increases successively 
from "0" to "15". When the value of the count reaches "15" and a carry signal Car is outputted, the latter is 

75 given to the enable terminal En of the latch 15 as the pixel clock signal PCLK3 and the latch 15 stated 
above latches "15". Since the pixel clock signal PCLK3 is given also to the FF 12, the FF 12 is inverted and 
the signal level of its output signal Q12 is changed. By this change of the signal level of the output signal 
Q12 the data selector 14 selects the signal at the input signal B and outputs a signal at its output terminal Y. 
Consequently the value at the output terminal Y of the data selector 14 varies from "15" to "0", but since 

20 the latch 15 latches "15", the comparison data DB remains to be "15". The above is the signal treatment 
for the pixel of pixel number 1. When the succeeding clock signal CLK1 is inputted, the content of the 
counter 13 becomes "0". Consequently the value at the output terminal Y of the data selector 14 becomes 
"15" and the signal treatment proceeds to the treatment for the pixel of pixel number 2. At the same time 
the carry signal Car of the counter 13 disappears and therefore the latch 15 outputs the signal at the input 

25 terminal D as it is. After that the counter 13 counts the clock signals CLK1 and its content increases. 
However, since the data selector 14 outputs the value at the terminal B, to which the reversed signal is 
inputted, the comparison data DB, which is the output signal Q15 of the latch 15, decreases successively. 
When the content of the counter 13 reaches "15" (comparison data DB = 0), a carry signal Car is 
outputted and thus the latch 15, the FF 12 and the data selector 14 are controlled in the same way as 

30 stated above. At this time the data selector 1 4 is so commuted that the signal at the input terminal A is 
selected and outputted at the output terminal Y. 

The comparison data DB repeats its increase and decrease, as indicated in Fig. 1(D), by the fact that 
such operations are repeated in a period of time, during which the recording scanning signal LINE1 is at the 
high level. 

35 Such a comparison data production circuit has an advantage that a high speed operation is possible 
with respect to the case where the counter 13 counts up and down. 

Then it is possible to obtain the pixel recording pulse signal for effecting the pixel recording, as 
indicated in Fig. 1(E), while comparing the magnitude of the comparison data DB thus obtained with that of 
the pixel depth data DA. 

40 In addition, when the output signal Q12 of the FF 12 is initialized so that in the initial state the data 
selector 14 selects and outputs the signal at the input terminal B, the comparison data DB varies as 
indicated in Fig. 1(F) and thus the pixel recording pulse signal S, which effects pixel recording, as indicated 
in Fig. 1(G), can be obtained. 

Furthermore, the comparison data production circuit indicated in Fig. 4 is provided further with a 

45 counter 11 and a monostable multi-vibrator (hereinbelow abbreviated to MM) 16 (block indicated by a 
broken line). It is possible to vary the screen angle. When a recording operation begins, the timing 
treatment circuit 4 outputs a high level signal and when the operation is terminated, an printing signal PAGE 
is produced. The counter 11 is a 2-bit binary counter, in which, when its counting value reaches "3", the 
carry signal Car becomes high, and screen angle data SD are loaded, when the printing signal PAGE is low. 

50 When the carry signal Car of the counter 11 is low, the FF 12 is preset. As the result, since the data 
selector 14 selects and outputs the signal at the input A, the initial value of the comparison data DB is "0". 
To the contrary, when the carry signal Car is high, the FF 12 is cleared. As the result, since the data 
selector 14 selects and outputs the signal at the input B, the initial value of the comparison data DB is "15". 
When the recording of one scanning line is terminated, the recording scanning signal LINE1 becomes 

55 low, the counter 11 counts up. In the case where the counting value of the counter 1 1 varies as "0" "1 ", 
"1" "2", since the carry signal Car remains low, when the recording scanning signal LINE1 is changed to 
the low level and the MM 16 is triggered so that a short pulse signal is produced at its output terminal Qie, 
this pulse signal Qi 6 is given to the clear terminal CLR of the FF 12, which is therefore cleared. In the case 
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where the counting value of the counter 1 1 varies as "2" "3", the carry signal Car is changed to the high 
level and thus the pulse signal Qu generated by the MM 16 is given to the preset terminal PR of the FF 
12, which is therefore preset. Further, in the case where the counting value of the counter 11 is "3" and the 
carry signal Car is at the high level, since the load terminal L of the counter 11 is at the low level, the 

5 following counting value of the counter 11 is screen angle data SD. Consequently, when the screen angle 
data SD is "3", the FF 12 is preset and when it is not, the FF 12 is reset. This operation is continued as far 
as the recording is terminated and the printing signal PAGE becomes low. 

Figs. 5 (H) - (P) are timing charts showing the operation of production of the pixel recording pulse signal 
S controlled by this circuit and the pixel recording, in which (H) and (I) represent a case where the screen 

w angle data SD are "3", (H) showing the operation of production of the pixel recording pulse signal, (I) 
illustrating a pixel recording pattern by means of the pixel recording pulse signal, which is obtained as the 
result of the operation indicated in (I). The abscissa corresponds to the recording scanning direction, where 
it represents the time in (H) and the scanning position in (I), but it is indicated here by the pixel number. 
The ordinate corresponds to the direction, along which the recording medium is sent, in which it represents 

15 the time in (H) and the transfer amount in (I), but it is indicated here by the scanning line number. Further, 
for the ordinate, the counting value of the counter 1 1 is written together therewith. (J) and (K) show the case 
where the screen angle data SD are "2"; (L) and (M) the case where the screen angle data SD are "1 "; and 
(N) and (0) the case where the screen angle data SD are "0". 

In the case where the screen angle data SD are "3", since the counting value of the counter 11 is 

20 always "3" as indicated in Fig. 5 (H) and thus the carry signal Car of the counter 11 is always at the high 
level, the FF 12 is preset every time the level of the recording scanning signal LINE1 becomes low. 
Consequently the initial value of the comparison data DB for every scanning line is "15" and the same 
operation of production of the pixel recording pulse signal as indicated in Fig.1(F) is repeated. As the result 
the pixel recording pattern for each of the scanning lines based on the pixel recording pulse signal thus 

25 obtained is such that the pixels of pixel numbers 1 and 2, and 3 and 4 are continuous, as indicated in Fig. 
5(0- 

In the case where the screen angle data SD are "2", since the counting value of the counter 11 varies 
in the order of the scanning line number "2", "3", "2", "3", .... as indicated in Fig. 5(J), the carry signal Car 
of the counter 1 1 repeats to be at the low and high levels alternately and therefore the initial value of the FF 

30 12 for each of the scanning lines is alternately "clear", "preset", "clear", ... in the order of the scanning line 
number. Consequently the initial value of the comparison data DB for each of the scanning lines is "0", 
when the scanning line number is odd, and "15", when the scanning line number is even. As the result the 
same operations of production of the pixel recording pulse signal as indicated in Figs. 1 (D) and (F), 
respectively, are alternately repeated. Consequently, for the scanning line having an odd number, as 

35 indicated in Fig. 5(K), pixels of pixel numbers 2 and 3, 4 and 5 form pairs and their pixel recording is 
continuous. To the contrary, for the scanning line having an even number, the pixel recording of the pixels 
number 1 and 2, 3 and 4 is continuous. 

In the case where the screen angle data SD are "1", the counting value of the counter 11 repeats a 
same pattern as "1", "2", "3", "1", "2", "3", as indicated in Fig. 5(L). Consequently, since the initial 

40 value of the comparison data DB for each of the scanning lines repeats "0", "0", "15", ... in the order of the 
scanning line number, the pixel recording pattern is such that it is indicated in Fig. 5(M). 

In the case where the screen angle data SD are "0", the counting value of the counter 11 is 
represented by a repetition of "0", "1 "2", "3". Consequently, since the initial value of the comparison 
data DB repeats "0", "0", "0", "15", ... in the order of the scanning line number, the pixel recording pattern 

45 is such that it is indicated in Fig. 5(P). 

Comparing the pixel recording patterns indicated in Figs. 5 (I), (K), (M) and (P), it can be understood 
that the screen angle of the recording pattern varies depending on the value of the screen angle data SD. In 
a full color laser beam printer by multiple printing when the screen angles of different colors are identical, 
Moire fringes are produced and the image quality is lowered. Consequently, in the case of such a color 

so printing, it is possible to obtain a high quality color image without Moire fringe by varying the value of the 
screen angle data SD for every color. 

In the embodiment described above, increase or decrease in the number of bits in the pixel depth data 
DA, the comparison data DB and the screen angle data SD, modifications in the waveform of the 
comparison data DB, e.g. modification into a form permitting to compensate 7 characteristics of the printer, 

55 and further modifications of the method, by which the value of the screen angle data SD is set, are freely 
chosen. 

It is obvious that this invention can be applied not only to the laser beam printer, but also other 
scanning recording type printing recording devices mentioned previously. 
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As explained above, since, in a pixel recording pulse signal generation method, by which depth data DA 
of each of pixels in an image signal are transformed into an image recording pulse signal having a time 
width proportional to the depth for each of the pixels and production of recording energy is controlled so as 
to be interrupted by the image recording pulse signal, the recording pulse signal is so produced that the 

5 rear end of the recording pulse signal of the preceding recording side pixel in a pair of pixels adjacent to an 
arbitrarily selected pixel in the recording scanning direction is in accordance with the rear end of the 
arbitrarily selected pixel and the front end of the recording pulse signal of the succeeding recording side 
pixel is in accordance with the front end of the arbitrarily selected pixel, production of recording energy is 
continuous between the pixels of these pairs, that is, the ratio of the areas of the unstable regions stated 

w above can be reduced so that the factor lowering the image quality produced by interruptions of the 
recording energy and thus lowering of the image quality are alleviated. 
Figs. 3 (C) and (D) are schemes illustrating the principle of 100% UCR. 

Fig. 3(A) indicates a cross-sectional view of a structure, where yellow ink Y, magenta ink M and cyan 

ink C are printed in this order on a white paper sheet concentrically at a net point so that they are 
/5 superposed on each other. A A sign in Fig. 3 indicates a boundary between two adjacent pixels. Fig. 3(B) 

indicates the same structure, for which 100% UCR is effected according to the concentric solution model. 

As indicated in the figure, all the parts, where the three colors, yellow, magenta and cyan are superposed 

on each other so as to represent black points, are replaced by net points formed by black ink. 

Consequently, in the case where the net points (dots) of the three colors have a same size as the fourth 
20 pixel from the left, since they can be represented only by black net points (dots), there is no color shear in 

printing due to superposition of different colored inks and further the amount of used colored inks is 

relatively small. 

Fig. 3(C) illustrates an example, in which 100% UCR is effected. In this example, colored dots such as 
yellow, magenta, cyan, etc. are put to the left within the pixel and only black dots are put to the right. When 

25 dots are printed in this way, the black dots and colored ones are not superposed on each other by 
calculation of 100% UCR. Consequently there are no colored inks, which have been used in vain under a 
black dots in the concentric solution model and the number of colored inks superposed on each other at a 
dot is at most 2, what reduces transfer defectives. 

Furthermore, when colored dots are put to the left side corresponding to one end of the pixel in the 

30 scanning direction for the first pixel (from the left); the black dot is put to the right side corresponding to the 
other end of the pixel in the scanning direction; to the contrary, for the second pixel adjacent to the first 
pixel, the black dot is put to the left side and the colored dots are put to the right and so forth, that is, the 
position of the colored dots and that of the black dot are replaced alternately for every pixel, as indicated in 
Fig. 3(D), dots in two pixels adjacent to each other can be put together. 

35 When they are printed in this way, they become larger in appearance and thus the central portion of the 
dots can be used with a higher efficiency. Further, at the same time, in this manner, since printing becomes 
less sensitive to shear of different colors in printing, it is possible to realize a color reproduction with a high 
fidelity having no Moire fringes. 

Fig. 6 shows top views of the surface of the paper sheet for the embodiment of this invention indicated 

40 in Fig. 3(D). Fig 3(D) is reproduced at the first line of Fig. 6. 

The first pixel is divided from the left of the pixel into four parts, i.e. a part printed double with cyan ink 
and yellow ink, a part printed only with cyan ink, a blanc part and a part printed only with black ink. Since 
the second pixel begins from the left by a black part, the black part of the first pixel and that of the second 
pixel are jointed together. On the whole it seems that black parts and colored parts are arranged alternately. 

45 When this procedure of arrangement is changed also for every line as indicated in the figure, the whole 
print is equivalent in appearance to a dot printing having a screen angle of 45*. The 5-th and 6-th lines in 
Fig. 6 illustrate a formation of dots, which is closer to the real image. 

Fig. 7 is a block diagram showing the construction of a circuit, for which the embodiment of this 
invention indicated in Fig. 3(D) to a digital printer scanned continuously in the horizontal direction as in a 

so television and Fig. 8 shows schemes for explaining its working mode. In Fig. 7 equivalent or identical items 
are represented by the same reference numerals as those used for the circuits indicated in Figs. 2 and 4. 

For explaining Figs. 7 and 8 more concretely, the depth of the data DA allocated to each of the pixels of 
an image is represented by using e.g. a 3-bit number from "0" to "7". Consequently intermediate tones can 
be indicated by intermediate values among 8. An octal binary counter 13 and a pixel address counter of the 

55 frame memory 1, in which pixel data DA are stored, are cleared by the line synchronization signal LINE of a 
digital printer (e.g. laser beam printer, thermal head printer, ink jet printer, liquid crystal printer, semiconduc- 
tor laser printer, light emitting diode printer) 77. At the same time the flip-flop (hereinbelow abbreviated to 
FF) 12 is set or preset depending on the phase data Car (cf. Fig.4). The counter 13 counts the reference 
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clock CLK coming from a clock oscillator 10 so that its output increases starting from "0". When the output 
of the FF 12 is low, the data selector 14 outputs the output of the counter 13 as it is as the comparison data 
DB, and when it is high, the data selector 14 outputs the reversed value of the output of the counter 13 as 
the comparison data DB. Consequently, when the output of the FF 12 is low, the comparison data DB 

5 increase from "0" to "7" and when it is high, the comparison data DB decreases from "7" to "0". When the 
content of the counter 13 has reached "7" and returned again to "0", the most significant bit MSB of the 
output of the counter 13 falls. Responding thereto, the memory 1 outputs the following pixel data and at the 
same time the FF 12 is reversed. Since the selector 14 reverses the comparison data by the reverse of the 
FF 12, as the result the comparison data DB begin with "0", when the phase data FD is "low", and go and 

w return between "0 tt and "7". Therefore, they are such that they are indicated in Fig. 8(A). Further, when the 
FD are "high", they begin with "7" and go and return between "0" and "7". Therefore, they are such that 
they indicated in Figs. 8 (B) and (C). On the other hand the pixel data DA outputted by the memory 1 are 
inputted in the comparator 5, where it is judged which are larger, the inputted pixel data DA or the 
comparison data DB. There are two judgement outputs of the comparator 5. One of them is "high", if DA < 

is DB, and the other is "high", if DA > DB. Only the latter is reversed so as to be a signal representing DA £ 
DB and both the signals are inputted in a data selector 73. The most significant bit (MSB) of the pixel data 
DA is used as a selection signal in the selector 73, which outputs a signal, which is "high" if DA £ DB for 
the DA from "0" to "3", and if DA < DB for the DA from "4" to n 7". When this signal is imputted in a printer 
77, supposing that a black point is printed, if the VD is high and a white point is printed, if the VD is low, the 

20 area ratio S of the black part printed within one pixel varies as indicated in the following table and 
intermediate tone printing can be effected. 



Table 1 

25 

INPUTTED DATA AND AREA RATIO S OF BLACK 



DA 


S (%) 




DA 


S (%) 


0 


0 




4 


62.5 


1 


12.5 




5 


75 


2 


25 




6 


87.5 


3 


37.5 




7 


100 



In general, when area-modulation is effected by equally dividing the interior of a pixel into 2 n , (2 n + 1) 
different modulations are possible. Since image data are usually binary data, it is preferable to allocate the 
image data to 2 n modulations. Since S = 0(%) and 100(%) are necessary, the area-modulation is adapted 
to the image data in the circuit according to this invention at the sacrifice of S = 50(%), which is at the 
45 middle point. 

Then, when the phase data manipulated for every line or for every color, as indicated in Table 2, a 
printing indicated in Fig. 6 can be effected. 



50 



55 
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Table 2 



PHASE DATA FD 



Color 


1 


2 


3 


4 


■ • • • • • 


Yellow 


H 


L 


H 


L 


• • • € 


• • 


Magenta 


H 


L 


H 


L 




• • 


Cyan 


H 


L 


H 


L 


• • • * 


» • • 


Black 


L 


H 


L 


H 


• • • 1 


> * • 



H represents the high level • 
L represents the low level • 

20 

This circuit needs no memory such as pattern generator, etc. and its construction is simple and fit for 
high speed operation. In addition, since the number of modulations of the area modulation is 2 n , as 
indicated in Table 1, it is easy to combine it with the multi-value Dither method or the multi-value depth 
25 pattern method. 

Furthermore, although the position of the dots printed within a pixel has been shifted to the left or to the 
right (in the main scanning direction x), the same effects can be obtained, also when they are shifted in the 
up-and-down direction (in the auxiliary direction y) or when they are shifted both in the left-and-right and up- 
and-down directions (in the main scanning direction x and the auxiliary scanning direction y). An embodi- 

30 ment in this case will be explained below, referring to Figs. 9 to 11. 

This invention can be applied to a case where a printer is used, which can control the position of dots 
area-modulated and printed within a pixel not only in the main scanning direction x but also in the auxiliary 
scanning direction y. Fig. 9 is a scheme for explaining how dots of one of the colors are arranged in pixels 
(not visible) allocated on the surface of a paper sheet. Four types of dot positions, A, B, C and D, are 

35 conceivable on the basis of assumptions of a printer. In Fig. 9, there are five sorts of pixel data, i.e. from 
"0" to "4", which are depth data allocated to the pixels. "0" represents "white" and "4" "black (all over)". 
To the contrary "1" - "3" represent half tones between them. In the type A, the dot enlarges, starting from 
the up and right corner in the pixel, with increasing pixel data. In the types B, C and D the dot enlarges, 
starting from the up and left corner, the down and left corner and the down and the right corner of the pixel, 

40 respectively. Consequently the printer receives the pixel data and information on the type, which are then 
recorded, as indicated in Fig. 9. Fig. 10 indicates information given to the printer for every pixel, in the case 
where the pixel data and the information thus received are recorded in practice, and Fig. 11 illustrates the 
recording result. The type information indicating the dot position within the pixel is given alternately for 
every pixel, such as A, B, A, B, for the first line, as indicated in Fig. 10, and alternately for every pixel, 

45 such as D, C, D, C, ... for the second line. Further, on and after the third line, the type information for the 
first line and that for the second line are given alternately and repeatedly. As the pixel data arbitrary 
information of "0" - "4" is allocated to each of the pixels and this figure shows an example thereof. The 
result obtained by recording on a paper sheet is such that it is indicated in Fig. 11, where four dots in four 
pixels, two adjacent pixels in the vertical direction and two adjacent pixels in the horitzontal direction, are 

50 printed, as if they were gathered together at the centre so as to be one point. 

According to this embodiment, the number of dots is reduced to 1/4 without lowering the resolving 
power between different pixels. That is, the ratio of area of the unstable region stated above is lowered and 
the worsening of the image quality is alleviated. 

Fig. 12 is a block diagram illustrating the construction of still another apparatus for realizing the method 

55 according to this invention. The difference from the apparatus indicated in Fig. 7 consists in that the 
apparatus indicated in Fig. 12 is constructed by using a look up table memory 79 and a shift register 70 
contrarily to that a data selector 14 and a comparator 5 are used in the apparatus indicated in Fig. 7. The 
memory 79 outputs an output pattern on the basis of the pixel data DA sent by the frame memory 1 and in- 
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pixel phase data DFD sent by the flip-flop 12. The shift register 70 transforms it with a high speed by a 
parallel-serial transformation to form a video signal VDS. When the look up table is ^defined as follows, the 
apparatus works in the completely same manner as the apparatus indicated in Fig. 7. 

Table 3 

DIGITAL VALUE (BINARY VALUE) OF PATTERN 



OUTPUTTED BY LOOK UP TABLE 



\^IN- P IXEL 

DIJ7A C T? 

PIXEL DATA^\_ DATA 
DA ^C|FD 


"HIGH" 


"LOW" 


0 


0(00000000) 


0(00000000) 


1 


1(00000001) 


128 (10000000) 


2 


3(00000011) 


192(11000000) 


3 


7(00000111) 


224(11100000) 


4 


31(00011111) 


248(11111000) 


5 


63(00111111) 


252(11111100) 


6 


127(01111111) 


254(11111110) 


7 


255(11111111) 


255(11111111) 



35 The look up table memory 79 used in this embodiment receives image data of 12 bits in total from the 
frame memories 1 y , 1 m , 1 c and l b storing yellow, magenta, cyan and black data, respectively, and receives 
also selection signals So, Si for selecting necessary video signals and in-pixel phase data PFD, which can 
be expanded so that an optimum in-pixel net point arrangement can be calculated. In this case, since the 
position of the dot in each of the pixels can be set arbitrarily, applications as indicated below are 

40 conceivable. 

Net point printing expresses, in general, colors by addition color mixing and subtraction color mixing 
and in general, their ratio cannot be determined unequivocally, even when a same color is expressed. 

For example, in the case where red having a reduced chromaticity is expressed, it can be obtained not 
by superposing two colors but by juxaposing them, as indicated in Fig. 14A, where magenta is put in the 

45 left half and yellow is put in the right half. However it can be obtained also by superposing the two colors, 
magenta and yellow, in the left half region. The former represents an addition color mixing of magenta and 
yellow and the latter represents a subtraction color mixing of magenta and yellow. Of course an 
intermediate color mixing between them can be conceived. According to the method of this invention it is 
possible to vary arbitrarily the ratio of these addition color mixing and subtraction color mixing. Either the 

50 subtraction color mixing or the addition color mixing can be better, depending on used inks. Therefore, by 
manipulating suitably this ratio of the subtraction color mixing and the addition color mixing by means of 
this apparatus, it is possible for inks to exhibit better their color expressivity and therefore a wide spread 
color display can be obtained. 

As explained above, according to this invention, since the position of the dot of very color printed within 

55 a pixel can be shifted up and down or left and right, it is possible to superpose inks ideally. Consequently 
stable dots can be formed and at the same time inks are used more usefully and saved. Furthermore, by 
unifying reasonably net points (dots) of a same color, printing becomes stronger against shear, and as the 
result this invention has an effect that the image quality is ameliorated in the reproduction of full color 
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images. 
Claims 

5 1. A scanning printing method for recording a multi-coloured image, wherein the intensity of a pixel is 
reproduced by selecting the size of a dot to be recorded within the respective pixel, wherein 

a first dot of a first colour is recorded within a first pixel at a border of the first pixel with a second 
pixel, and 

a second dot of said first colour is recorded within the second pixel adjacent to said first dot, 
70 characterized in that a third dot of a second colour is recorded in said first pixel and extends from 

an edge of said first pixel different from said aforementioned border towards the center of said first 
pixel. 

2. The method of claim 1, wherein said second pixel is the pixel succeeding said first pixel in a scanning 
75 line extending in main scanning direction (x). 

3. The method of claim 2, wherein the screen angle, defined by the phase with which pairs of said first 
and second pixels are arranged in successive scanning lines, is varied for different colours to be 
printed. 

20 

4. The method of claim 1 , wherein said first and second pixels are adjacent to each other in auxiliary 
scanning direction (y), which is substantially perpendicular to the main scanning direction (x). 

5. The method of any of claims 1 to 4, wherein said first colour is formed by a multi-layer structure 
25 consisting of yellow ink, magenta ink and cyan ink, and said second colour is formed by black ink. 

6. The method of any of claims 1 to 5, wherein depth data (DA) of each pixel in an image signal is 
transformed into an image recording pulse signal (S) having a time width proportional to the depth for 
each of the pixels and controlling the recording energy so as to produce said dots. 

30 

7. A scanning type printing device, comprising: 

a memory means (1) memorizing depth data signals (DA) for one scanning line, 
a means (10, 12, 13, 14, 15) including a clock generator (10) and a counter (13) and producing a 
comparison data signal (DB) formed by repeating an up counting operation and a down counting 
35 operation for every pixel, 

a means (5, 9) comparing said depth data (DA) with said comparison data signal (DB) and thereby 
generating a pixel recording pulse signal (S), and 

a timing means (4) controlling the operation of said memory means (1), said comparison data 
production means (10, 12, 13, 14, 15) and said pixel recording pulse signal production means (5, 9), so 
40 that 

a first dot of a first colour is recorded within a first pixel at a border of the first pixel with a second 
pixel, 

a second dot of said first colour is recorded within the second pixel adjacent to said first dot, and 
a third dot of a second colour is recorded in said first pixel and extends from an edge of said first 
45 pixel different from said aforementioned border towards the center of said first pixel. 

8. The device of claim 7, further comprising a counter (11) supplied with a scan-line clock signal, the 
output of which controls said means (10, 12, 13, 14, 15) for producing said comparison data signal (DB) 
to change the phase of said comparison data signal (DB) after a predetermined number of lines so as 

so to control the screen angle. 

PatentansprUche 

1. Abtastendes Druckverfahren zur Aufzeichnung eines Mehrfarbenbildes, wobei die Intensitat eines Pixels 
55 durch Wahl der GroBe eines in dem entsprechenden Pixel aufzuzeichnenden Punkts wiedergegeben 
wird, wobei 

ein erster Punkt einer ersten Farbe in einem ersten Pixel an der Grenze des ersten Pixels mit 
einem zweiten Pixel aufgezeichnet wird, und 
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ein zweiter Punkt der ersten Farbe in dem zweiten Pixel angrenzend an den ersten Punkt 
aufgezeichnet wird, 

dadurch gekennzeichnet, daB ein drifter Punkt einer zweiten Farbe in dem genannten ersten Pixel 
aufgezeichnet wird und sich von einer Kante des ersten Pixels, die von der genannten Grenze 
5 verschieden ist, zur Mitte des ersten Pixels hin erstreckt. 

2. Verfahren nach Anspruch 1 , wobei das zweite Pixel das dem ersten Pixel in einer sich in Hauptabtast- 
richtung (x) erstreckenden Abtastzeile folgende Pixel ist. 

w 3. Verfahren nach Anspruch 2, wobei der durch die Phase, mit der Paare von ersten und zweiten Pixeln in 
aufeinanderfolgenden Abtastzeilen angeordnet sind, definierte Schirmwinkel fUr verschiedene zu druk- 
kende Farben verandert wird. 

4. Verfahren nach Anspruch 1, wobei die ersten und zweiten Pixel in Hilfs-Abtastrichtung (y), die im 
75 wesentlichen senkrecht zur Haupt-Abtastrichtung (x) ist, aneinander angrenzen. 

5. Verfahren nach einem der Anspruche 1 bis 4, wobei die erste Farbe durch eine Mehrlagenstruktur aus 
gelber Tinte, Magenta-farbener Tinte und Cyan-farbener Tinte und die genannte zweite Farbe durch 
schwarze Tinte gebildet wird. 

20 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei Tiefendaten (DA) jedes Pixels in einem Bildsignal 
in ein Bildaufzeichnungs-Pulssignal (S) mit einer der Tiefe fur jedes der Pixel proportionalen Pulsbreite 
umgewandelt wird, das die Aufzeichnungsenergie so steuert, daB die genannten Punkte erzeugt 
werden. 

25 

7. Abtastende Druckvorrichtung, mit 

einer Speichereinrichtung (1), die Tiefendatensignale (DA) fur eine Abtastzeile speichert, 
einer Einrichtung (10, 12, 13, 14, 15), die einen Zeitgenerator (10) und einen Zahler (13) beinhaltet 
und ein durch Wiederholen eines hinaufzahlenden Betriebs und eines hinabzahlenden Betriebs fur 
30 jedes Pixel gebildetes Vergleichsdatensignal (DB) erzeugt, 

einer Einrichtung (5, 9), die die Tiefendaten (DA) mit dem Vergleichsdatensignal (DB) vergleicht 
und dadurch ein Pixelaufzetchnungspulssignal (S) erzeugt, 

einer Takteinrichtung (4), die den Betrieb der Speichereinrichtung (1), der Vergleichsdatenerzeu- 
gungseinrichtung (10, 12, 13, 14, 15) und der Pixelaufzeichnungspulsignal-Erzeugungseinrichtung (5, 9) 
35 so steuert, daB 

ein erster Punkt der ersten Farbe innerhalb eines ersten Pixels an einer Grenze des ersten Pixels 
mit einem zweiten Pixel aufgezeichnet wird, 

ein zweiter Punkt der ersten Farbe innerhalb des zweiten Pixels angrenzend an den ersten Punkt 
aufgezeichnet wird, und 

40 ein drifter Punkt einer zweiten Farbe in dem ersten Pixel aufgezeichnet wird und sich von einer 

Kante des ersten Pixels, die sich von der zuvor genannten Grenze zur Mitte des ersten Pixels hin 
erstreckt. 

Vorrichtung nach Anspruch 7 mit einem Zahler (11), der mit einem Abtastzeilen-Taktsignal versorgt 
wird, wobei dessen Ausgang die Einrichtung (10, 12, 13, 14, 15) zur Erzeugung des Vergleichsdatensi- 
gnals (DB) steuert, urn die Phase des Verg lei chsdaten signals (DB) nach einer vorbestimmten Zahl von 
Zeilen zu andern, urn so den Schirmwinkel zu steuern. 

Revendlcatlons 

50 

1. Proc§d6 depression par balayage pour enregistrer une image multicolore, selon lequel l'intensit§ d'un 
6l6ment d'image est reproduite en s^lectionnant la dimension d'un point a enregistrer a I'intdrieur de 
I'elSment d'image respectif, dans lequel 

un premier point d'une premiere couleur est enregistr6 & I'interieur d'un premier 6l6ment d'image h 
55 la limite entre le premier Pigment d'image et d'un second 6l6ment d'image, et 

un second point de ladite premiere couleur est enregistrS k I'interieur du second Element d'image 
adjacent audit premier point, 

caracterise en ce qu'un troisieme point d'une seconde couleur est enregistr6 dans le premier 
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element d'image et s'£tend depuis un bord dudit premier Element d'image different de iadite limite 
pr6cit6e vers le centre dudit premier 6l£ment d'image. 

2. Precede selon la revendication 1, dans lequel ledit second element d'image est I'element d'image 
s succedant audit premier element d'image dans une ligne de balayage s'etendant dans la direction de 

balayage principle (x). 

3. Procede selon la revendication 2, dans lequel Tangle d'ecran, defini par la phase avec laquelle des 
paires desdits premier et second elements d'image sont disposees dans des lignes de balayage 

10 successives, est modify pour diffeYentes couleurs a imprimer. 

4. Procede selon la revendication 1, dans lequel lesdits premier et second elements d'image sont 
adjacents I'un a I'autre dans une direction de balayage auxiliaire (y), qui est sensiblement perpendi- 
culaire a la direction de balayage principale (x). 

rs 

5. Procede selon Tune quelconque des revendi cations 1 a 4, dans lequel Iadite premiere couleur est 
formee par une structure a couches multiples constitute d'une encre jaune, d'une encre magenta et 
d'une encre cyan, et Iadite seconde couleur est formte par une encre noire. 

20 6. Procede* selon Tune quelconque des revendications 1 a 5, dans lequel des donnees de profondeur (DA) 
de chaque element d'image dans un signal d'image sont transformees en un signal d'impulsion 
d'enregistrement d'image (S) posstdant une durte proportionnelle a la profondeur pour chacun des 
elements d'image et commandant l'§nergie d'enregistrement de maniere a produire lesdits points. 

25 7. Dispositif d'impression de type a balayage comportant : 

un moyen formant m^moire (1) m^morisant des signaux de donnees de profondeur (DA) pour une 
ligne de balayage, 

un moyen (10, 12, 13, 14, 15) comprenant un generateur d'horloge (10) et un compteur (13) et 
delivrant un signal de donnees de comparaison (DB) forme en repetant une operation de comptage et 
30 une operation de decomptage pour chaque element d'image, 

un moyen (5, 9) comparant lesdites donnees de profondeur (DA) audit signal de donnees de 
comparaison (DB) et generant ainsi un signal d'impulsion d'enregistrement d'element d'image (S), et 

un moyen de synchronisation (4) commandant le fonctionnement desdits moyens formant memoire 
(1), desdits moyens de formation de donnees de comparaison (10, 12, 13, 14, 15) et desdits moyens 
35 de formation du signal d'impulsion d'enregistrement d'6l6ment d'image (5, 9), de sorte que 

un premier point d'une premiere couleur est enregistre a I'interieur d'un premier element d'image a 
la limite du premier element d'image et d'un second element d'image, 

un second point de Iadite premiere couleur est enregistre a I'interieur dudit second element 
d'image adjacent audit premier point, et 
40 un troisieme point d'une seconde couleur est enregistre dans ledit premier element d'image et 

s'etend depuis un bord dudit premier 6l£ment d'image different de Iadite limite precitee vers le centre 
dudit premier element d'image. 

8. Dispositif selon la revendication 7, comportant en outre un compteur (11) alimente par un signal 
45 d'horloge de ligne de balayage, dont le signal de sortie commando lesdits moyens (10, 12, 13, 14, 15) 
pour dSlivrer ledit signal de donnees de comparaison (DB) pour modifier la phase dudit signal de 
donnees de comparaison (DB) apr£s un nombre pr6d6termin6 de lignes de manidre a commander 
Tangle d'ecran. 

50 
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FIG. 6 



PIXEL 



1st LINE 



\ 



W 



1 





M 



2nd line 



3rd une 



BLACK COLORED 



\ 



MC 

Y V 



V 



w 



^BLACK COLORED fiLACfe COLORED 

DOT DOT DOT "DOT*" 

/ . \ ! ,t I 



7 




/ 



3 



\ 



24 



W 



w 

V 



/ 



/ 



/ 



7 



I 



DOT 

I \ 



DOT 

l 



COLORED 
DOT 



\ ! 7 



T- 



l 



^ 1 r 



I 



I \ I / i | / 

ffLACg COLORED J3LACK^ CTLORED JLACK 



T 



/ 



\ 



DOT 

' ! \ 



DOT 
l 

l 



\ 



l 



DOT 



DOT 



/ 



DOT 

/ l 



\ I / 
\ I / 



4th UNE 



1 / ' \ i / " \ I / I 

JLACK CpLOREp JLACK COLORED JBLACJ< COLORED 




6th LINE 



/ 



7 T 

/ \ \ 

/ \ SCREEN ANGLe\ 

45° 



19 




20 



EP 0 204 094 B1 



FIG. 8 



clk I I I I II l I I I I I I 

LINE | 

pclk i — i__J — i 




21 



EP 0 204 094 B1 



FIG. 9 



B 



LU 
Q. 

>. 

t- C 



□ H 

□ E 

□ B 



20 




32 



2 3 
PIXEL DATA 



m 



FIG. IO 



X 



y 



I 


I A 


2B 


3A 


4B 


2A 


2 


2D 


3C 


4D 


3C 


2D 


3 


2A 


IB 


OA 


IB 


OA 


4 


2D 


3C 


2D 


IC 


2D 


5 


3A 


2B 


IA 


OB 


I A 


6 


ID 


2C 


ID 


IC 


2D 



FIG. I I 




22 



EP 0 204 094 B1 




23 



EP 0 204 094 B1 



F I G. 13 




PFD 



FIG.I4A 



FI6.I4B 





M 


I 




M 


Y 




Y 



M : MAGENTA 
Y : YELLOW 



24 



(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets EP 0 204 094 B2 

NEW EUROPEAN PATENT SPECIFICATION 

(51) Intel 6: H04N 1/40, H04N 1/46 



(45) Date of publication and mention 
of the opposition decision: 
19.08.1998 Bulletin 1998/34 

(45) Mention of the grant of the patent: 
21.07.1993 Bulletin 1993/29 

(21) Application number: 86104403.0 

(22) Date of filing: 01.04.1986 



(54) Scanning recording type printing method and apparatus for realizing the same 

Druckverfahren vom Abtastaufzeichnungstyp und dessen Verwirklichungsvorrichtung 

Precede d'impression du type d'enregistrement par balayage et appareil pour le mettre en oeuvre 



(84) Designated Contracting States: 
DE GB IT NL 

(30) Priority: 30.03.1985 JP 64966/85 
23.08.1985 JP 184274/85 

(43) Date of publication of application: 
10.12.1986 Bulletin 1986/50 

(73) Proprietor: HITACHI, LTD. 
Chiyoda-ku, Tokyo 10O(JP) 

(72) Inventors: 

• Kobayashi, Shin 'ye 
Mito-shi (JP) 

• Anzai, Masayasu 
Hitachi-shi (JP) 



(74) Representative: Strehl Schubel-Hopf & Partner 
Maximilianstrasse 54 
80538 Munchen (DE) 



(56) 



References cited: 
EP-A-109 005 
DE- A- 3 408 499 
JP-A-57 064 565 
US-A- 3 230 303 
US-A-4 149 183 
US-A- 4 412 225 
US-A- 4 507 685 



DE-A- 3 338 722 
GB-A- 2 102 240 
JP-A-57 099 866 
US-A- 4 040 094 
US-A- 4 384 297 
US-A- 4 498 108 



PATENT ABSTRACTS OF JAPAN, vol. 6, no. 142 
(Wl-146)[1020], 31st July 1 982 & JP-A-57 64 565 



CM 

GO 
O) 

o 
o 

CM 



HI 



Printed by Jouve. 75001 PARIS (FR) 



EP0204094B2 

Description 

This invention relates to a laser beam color printing method and an apparatus for realizing the same and in particular 
to a scanning recording type printing method and an apparatus for realizing the same permitting to reduce worsening 

s of the image quality in a high precision fine image recording. 

As a method for varying the recording area of each pixel in order to express light and shade of the image in a 
scanning recording type printing apparatus, there is known a method, by which image recording pulse signals are 
modulated in pulse width by means of data representing the depth. Apparatuses described in Japanese Patent Appli- 
cation un-examined publications Nos. 82-57679 and 82-99866 are its concrete examples. 

w in such a printing recording apparatus it is necessary to reduce each cell in size and increase the pixel density in 

order to be able to record an image with a high precision and a high fineness. The scanning direction and the size of 
each pixel in the scanning recording are determined by the scanning speed and the production period of the image 
recording pulse signal Consequently, in order to make each pixel smaller, the production period of the image recording 
pulse signal must be shortened and the rate of the intermission must be increased. However, when the rate of the 

is intermission of the image recording pulse signal is increased. The image quality has a tendence to be lowered. 

In Fig. 2 a memory device 1 stores depth data of each of the pixels in image signals coming from an image read- 
out device or a computer (not shown in the figure) for one scanning line. The depth data are sent to a latcn 2 in the 
form of pixel depth data DA for every pixel, depending on the position of recording scanning by a pixel clock signal 
PCLK1 given by a timing treatment circuit 4, which will be described later. Supposing that the pixel depth is represented 

20 by 16 degrees from "0" (white) to "1 5° (black), the pixel depth data DA are 4 bit data. In a pixel recording pulse signal 
generation circuit 9 the latch 2 holds (latches) the pixel depth data DA by a pixel clock signal PCLK2 given by the timing 
treatment circuit 4 and its holding period of time is equal to a period of time during which one pixel domain is scanned 
for recording. These pixel depth data DA held by the latch 2 are given to a comparator 5. A counter 3 which is a cyclic 
4 bit binary counter, counts clock signals CLK1 coming from a clock generator 10 under the control by a recording 

25 scanning signal LINE1 from the timing treatment circuit 4. 16 clock signals CLK1 are outputted for a period of time 
during which one pixel domain is scanned for recording. The counter 3 counts up from "0" (white) to "15" (black) and 
gives the content of the count as comparison data DB to the comparator 5. At the same time it gives a carry signal as 
pixel clock signal PCLK3 to the timing treatment circuit 4. The timing treatment circuit 4 generates the pixel clock signals 
PCLK1 and PCLK2, referring to the pixel clock signal PCLK3 and at the same time uses a detection signal LINE2 

so coming from a laser beam detector 8 as a recording scanning start synchronization signal for every scanning line. 

The comparator 5 compares the pixel depth data DA with the comparison data DB and generates a 2-value pixel 
recording pulse signal S, corresponding to 
"black" , if DA > DB 

"white" , if DA ^ DB, which is given to a semiconductor laser circuit 6. A laser beam outputted by the semicon- 

35 ductor laser circuit 6 is deflected in a region of an angle G so as to scan and illuminate an electro-graphic photo-sensitive 
drum 7. In this way an electro-static latent image is formed and transferred to a recording paper, after having been 
developed with toner. After that, it is further fixed so as to be a record. 

Figs. 1 (A) to 1 (C) indicates a timing chart representing the working mode of the pixel recording pulse signal and 
the pixel recording in such a laser beam printer. (A) indicates the pixel number and the pixel depth data DA. The 

40 abscissa t in (B) represents the time, in which T denotes the period of time necessary for scanning to record one pixel. 
The coordinate represents digital values corresponding to pixel depths, in which "O" indicates "white"; "15" indicates 
"black"; DA shows the pixel depth data; and DB shows the comparison data. The abscissa x in (C) represents the 
position of the recording scanning of the laser beam and hatched regions show the recorded area for each of the pixels. 
In such a recording method, since the laser beam outputted by the semiconductor laser circuit 6 has a certain 

45 spread in the scanning direction, when this laser beam is interrupted by the pixel recording pulse signal S in the course 
of the scanning, the light quantity at both the border portions of the recorded dots in the main scanning direction on 
the pixel recording surface is inconveniently in an intermediate region between white and black and thus the depth of 
the record at these portions is unstable, what is a factor lowering the image quality. This is produced by the fact that 
the laser beam has a certain spread. Consequently, when, in order to record finer image with a high precision, pixels 

50 are made smaller and the number of interruptions of the laser beam is increased, the proportion of such unstable 
regions increases, what gives rise to lowering the image quality. 

On the other hand, in the color printing by off-set printing, it is difficult to position net points (i.e. dots) to be printed 
with a high precision. For example, in the case of a multi-block pnnting with 4 blocks of cyan, yellow, magenta and 
Indian ink, when it is tried to superpose corresponding dots of different blocks on each other, slight misalignment 

55 produces Moire fringes (interference fringes). Therefore, in practice, the screen angles of net points of different blocks 
are intentionally varied appreciably so that the net points of different colors are superposed at random, in order to 
prevent the production of low frequency Moir6 fringes. However, by this method, superposition of dots of different colors 
is irregular, what prevents to effect theoretical color correction. 
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To the contrary, in a digital printer such as a laser beam printer, etc., since it is possible to position fairly precisely 
dots, even when it is tried to superpose corresponding dots of different blocks on each other, there are produced no 
Moire fringes. 

An article by SAYANAGI published in Denshi-Shashin Gakkaishi (Journal of the Electro-Graphic Society) 23, No. 
s 3 (1984) (in Japanese) has disclosed a "concentric solution model", by which the dots are printed by a digital printer 
so that their centers are superposed on each other (cf. Fig. 3(A)) and reported that 100% under color removal (UCR) 
is possible by this method (cf. Fig. 3(B)). If this concentric solution model could be realized ideally, a perfect UCR 
(100% UCR) and other various color correction theories would be efficacious. However, this concentric solution model 
has not taken the following points into consideration. 

10 

1 ) Although the dots formed by printing are, in general, ideally printed at the central portion, they are not precisely 
printed at the peripheral portion because of scattering of inks or unevenness of printing. According to the concentric 
solution model, since the net points other than the dot of the ink, which is at the top, exhibit their color by their 
peripheral portion, it is difficult to reproduce the precise color. 
is 2) When the UCR is effected according to the concentric solution model, since a block net point (dot) by an Indian 
ink block is at the top, other inks printed under the black net point come to nothing and in addition, the net point 
(dot) is apt to be transferred inperfectly because of the superposition of useless inks. 

3) Even by a digital printer, the net points of different colors deviate more or less from each other because of 
expansion or contraction of paper, etc. The concentric solution model is poor at this position divergence and the 
20 risk that Moire fringes are produced is high. 

To avoid the problems discussed above in connection with Figures 1 A to C and Figure 2, US-4 040 094 describes 
a video signal processing circuit in which a linear, alternatively increasing and decreasing comparison signal is used 
instead of the sawtooth-shaped signal DD in Figure 1B. However, this circuit is not suitable for processing colour images 

25 without deteriorating the resolution. 

It is therefore the object of the invention to provide a printing method and apparatus of the laser beam scanning 
type which prints high quality colour images. 

The solution of this object is defined in method claim 1 and apparatus claim 4. By producing the rear end of the 
recording pulse signal of the preceding recording side pixel in a pair of pixels just at the rear end of that pixel and the 

30 front end of the recording pulse signal of the succeeding recording side pixel just at the front end of the succeeding 
pixel so that the production of the recording energy between this pair of pixels is continuous and by making the region, 
where the recording depth is unstable, smaller, worsening of the image quality is reduced. 

The "pixel" is the smallest unit of spatial resolving power, when an original analogue image is quantized (digitalized) 
and in general it is defined so as to be sufficiently small. In a digital printer however, many net points are formed in this 

35 pixel and wherever the net points are written in this pixel, no differences therebetween can be recognized by a human 
eye. In other words, within a pixel, wherever the net points are moved, the movement itself doesn't lower the resolving 
power. For example, in the case where a pixel is large, the Bayer method is adopted, by which one pixel is represented 
by many small net points (dots), or a net point is formed at a position deviated from the center of the pixel in order to 
have a screen angle. According to this invention, attention is paid to this point and in full color printing by multi-block 

40 printing, the net points (dots) of each of the colors formed within one pixel are not concentrated to one point, which is 
the center of the pixel, contrarily to those in the concentric solution model, but they are suitably arranged within the 
pixel for every color. In this way superposition of the net points of different colors can be controlled and as the result 
a high quality full color printing can be effected. 

45 Figs. 1 (A) - (G) represent a timing chart for explaining the working mode; (A) indicating pixel numbers and pixel 

depth data; (B) and (C) the working mode for production of the pixel recording pulse signal and the pixel recording 
pattern according to prior art techniques; (D) - (G) are diagrams usefull for understanding the present invention 
and show the working mode for production of the pixel recording pulse signal and the pixel recording pattern for 
a single color. 

50 Fig. 2 is a block diagram illustrating the construction of a prior art laser beam printer; 

Figs. 3 (C) and (D) are schemes for explaining the principle of this invention in color printing, and Figs. 3 (A) and 
(B) are corresponding schemes for explaining the prior art techniques; 

Fig. 4 is a block diagram indicating a comparison data production circuit according to an embodiment of this in- 
vention; 

55 Figs. 5 (H) - (P) are schemes for explaining the working mode for production of the pixel recording pulse signal 

and the pixel recording pattern by means of the circuit indicated in Fig. 4; 

Fig. 6 shows graphs indicating more in detail the embodiment of this invention indicated in Fig. 3 (D); 

Fig. 7 is a block diagram indicating a circuit for obtaining the pixel recording pattern according to an embodiment 
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of this invention; 

Fig. 8 shows graphs for explaining the working mode of the circuit indicated in Fig. 7; 

Figs. 9-11 show cases where the position of dots of one of the colors is controlled not only in the main scanning 
direction but also in the auxiliary scanning direction, indicating the position of dots, information given to the printer 
5 and the dot pattern recorded by printing, respectively; 

Fig. 12 is a block diagram indicating the construction of a circuit, which is another embodiment of this invention; 
Fig. 13 is a block diagram indicating the construction of a circuit, which is an embodiment of this invention; and 
Fig. 14 is a scheme for explaining the principle of the circuit indicated in Fig. 1 3. 

10 Figs. 1 (D), (E) and (F), (G) are timing charts illustrating the working mode of the production of the pixel recording 

pulse signal and the pixel recording for one of the colors. 

(D) shows the working mode of the production of the pixel recording pulse signal using the comparison between 
pixel depth data DA and comparison data DB, in which the magnitude of the comparison data DB varies so that it 
increases in the odd pixel number regions and decreases in the even pixel number regions. In this way, the position 

15 of production of the pixel recording pulse signal S generated by comparing the pixel depth data DA with the comparison 
data is so determined that in the odd pixel number regions the front end of the pixel recording pulse signal is in ac- 
cordance with the front end of the pertinent pixel and in the even pixel number regions the rear end of the pixel recording 
pulse signal S is in accordance with the rear end of the pertinent pixel, i.e. the rear end of the recorded dot in the main 
scanning direction and thus in the example indicated in the figure the pixels No. 2 and No. 3, and No. 4 and No. 5 

20 become continuous. Consequently, in the recording pixels recorded on the basis of this pixel recording pulse signal, 
as indicated in (E), the pixels No. 2 and No. 3, and No. 4 and No. 5 are continuous, respectively, and thus there are 
no border portions in the scanning direction between the pixels belonging to each of the pairs. Therefore the unstable 
region becomes smaller. 

(F) shows an example, where the magnitude of the comparison data DB decreases in the odd pixel number regions 

25 and increases in the even pixel number regions. In the recording pixels of this case, as indicated in (G), the pixels No. 
1 and No. 2, and No. 3 and No. 4 are continuous. 

Now the pixel recording pulse signal production circuit used for such a pixel recording will be explained. The 
production of the pixel recording pulse signal by the comparison between the pixel depth data DA and the comparison 
data DB, as previously indicated in Fig. 1(D) can be effected by ameliorating the circuit generating the comparison 

30 data DB indicated in Fig. 2. Therefore, here this circuit generating the comparison data DB will be explained and 
explanation of the other circuits will be omitted. Further, each output terminal of each of the circuits and the signals 
produced are denoted with same reference numerals. 

In Fig. 4, a counter 1 3 is a hexadecimal counter, which counts clock signals CLK1 inputted from a clock generator 
10 to its clock terminal CLK. The recording scanning signal LINE1 outputted by the timing treatment circuit 4 is at the 

35 high level during the recording scanning. The counter 13 stated above counts the clock signals CLK1 , when this re- 
cording scanning signal LINE1 inputted to the clear terminal CLR is at the high level and it is cleared to "0", when the 
signal LINE1 is at the low level. The output signal Q 13 of the counter 13 is inputted as it is to an input terminal A of a 
data selector 14 and the reversed value of the output signal Q 13 is inputted to another input terminal B thereof. That 
is, when the output signal Q 13 of the counter 13, "0" is inputted to the input terminal A and "15" to the input terminal 

40 B. This data selector 1 4 outputs the input signal selectively at one of the input terminals A and B stated above, depending 
on the signal level inputted to its selection control terminal Sel. To this selection control terminal Sel is given the output 
signal Q 12 of an RS flip-flop (hereinbelow abbreviated to FF) 12. A latch 15 outputs the signal inputted to its input 
terminal D as it is from its output terminal as the output signal (Q 15 (comparison data DB) and effects data latch, 
depending on the signal level of the pixel clock signal given to its enable terminal En. Further the carry signal outputted 

45 to the carry terminal Car of the counter 1 3 stated above is reversed to become the pixel clock signal PCLK3, which is 
supplied to the timing treatment circuit 4, to the clock terminal CLK of FF 1 2 and to the enable terminal En of the latch 1 5. 

In the construction of the circuit described above, when the recording scanning signal LINE1 outputted from the 
timing treatment circuit 4 is at the high level, the counter 1 3 counts the clock signals CLK1 given by the clock generator 
1 0 and increases the value of the counting output signal 3 . When the value of the counting output signal Q-, 3 reaches 

50 "15", a carry signal is produced at the carry terminal Car. When the data selector 14 is set at the initial state so that 
the signal at the input terminal A is selected to be outputted, the comparison data DB, which are the output signal C^ s 
of the latch 15 increases successively from "0" to "15". When the value of the count reaches "15" and a carry signal 
Car is outputted, the latter is given to the enable terminal En of the latch 1 5 as the pixel clock signal PCLK3 and the 
latch 15 stated above latches "15". Since the pixel dock signal PCLK3 is given also to the FF 12, the FF 12 is inverted 

55 and the signal level of its output signal Q 12 is changed. By this change of the signal level of the output signal Q 12 the 
data selector 14 selects the signal at the input signal B and outputs a signal at its output terminal Y. Consequently the 
value at the output terminal Y of the data selector 14 varies from "15" to "0", but since the latch 1 5 latches "15", the 
comparison data DB remains to be "15". The above is the signal treatment for the pixel of pixel number 1 . When the 
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succeeding clock signal CLK1 is inputted, the content of the counter 13 becomes "0". Consequently the value at the 
output terminal Y of the data selector 14 becomes "1 5" and the signal treatment proceeds to the treatment for the pixel 
of pixel number 2. At the same time the carry signal Car of the counter 1 3 disappears and therefore the latch 1 5 outputs 
the signal at the input terminal D as it is. After that the counter 13 counts the clock signals CLK1 and its content 

5 increases. However, since the data selector 14 outputs the value at the terminal B, to which the reversed signal is 
inputted, the comparison data DB, which is the output signal Q 15 of the latch 15, decreases successively. When the 
content of the counter 13 reaches "15" (comparison data DB = 0), a carry signal Car is outputted and thus the latch 
1 5, the FF 1 2 and the data selector 1 4 are controlled in the same way as stated above. At this time the data selector 
14 is so commuted that the signal at the input terminal A is selected and outputted at the output terminal Y 

10 The comparison data DB repeats its increase and decrease, as indicated in Fig. 1(D), by the fact that such oper- 

ations are repeated in a period of time, during which the recording scanning signal LINE1 is at the high level. 

Such a comparison data production circuit has an advantage that a high speed operation is possible with respect 
to the case where the counter 1 3 counts up and down. 

Then it is possible to obtain the pixel recording pulse signal for effecting the pixel recording, as indicated in Fig. 1 

is (E), while comparing the magnitude of the comparison data DB thus obtained with that of the pixel depth data DA. 

In addition, when the output signal Q 12 of the FF 12 is initialized so that in the initial state the data selector 14 
selects and outputs the signal at the input terminal B, the comparison data DB varies as indicated in Fig. 1(F) and thus 
the pixel recording pulse signal S, which effects pixel recording, as indicated in Fig. 1(G), can be obtained. 

Furthermore, the comparison data production circuit indicated in Fig. 4 is provided further with a counter 11 and 

20 a monostable multi-vibrator (hereinbelow abbreviated to MM) 16 (block indicated by a broken line). It is possible to 
vary the screen angle. When a recording operation begins, the timing treatment circuit 4 outputs a high level signal 
and when the operation is terminated, a printing signal PAGE is produced. The counter 11 is a 2-bit binary counter, in 
which, when its counting value reaches "3°, the carry signal Car becomes high, and screen angle data SD are loaded, 
when the printing signal PAGE is low. When the carry signal Car of the counter 11 is low, the FF 12 is preset. As the 

25 result, since the data selector 1 4 selects and outputs the signal at the input A, the initial value of the comparison data 
DB is "0". To the contrary, when the carry signal Car is high, the FF 12 is cleared. As the result, since the data selector 
14 selects and outputs the signal at the input B, the initial value of the comparison data DB is "15". 

When the recording of one scanning line is terminated, the recording scanning signal LINE1 becomes low, the 
counter 11 counts up. In the case where the counting value of the counter 11 varies as "0" -» "1", n 1"-> °2", since the 

30 carry signal Car remains low, when the recording scanning signal LINE1 is changed to the low level and the MM 16 is 
triggered so that a short pulse signal is produced at its output terminal Q 16 , this pulse signal Q 16 is given to the clear 
terminal CLR of the FF 12, which is therefore cleared. In the case where the counting value of the counter 11 varies 
as "2" -> "3 U , the carry signal Car is changed to the high level and thus the pulse signal Q 16 generated by the MM 16 
is given to the preset terminal PR of the FF 1 2, which is therefore preset. Further, in the case where the counting value 

35 of the counter 11 is °3 U and the carry signal Car is at the high level, since the load terminal L of the counter 11 is at the 
low level, the following counting value of the counter 11 is screen angle data SD. Consequently, when the screen angle 
data SD is "3", the FF 12 is preset and when it is not, the FF 12 is reset. This operation is continued as far as the 
recording is terminated and the printing signal PAGE becomes low. 

Figs. 5 (H) - (P) are timing charts showing the operation of production of the pixel recording pulse signal S controlled 

40 by this circuit and the pixel recording, in which (H) and (I) represent a case where the screen angle data SD are "3", 
(H) showing the operation of production of the pixel recording pulse signal, (I) illustrating a pixel recording pattern by 
means of the pixel recording pulse signal, which is obtained as the result of the operation indicated in (I). The abscissa 
corresponds to the recording scanning direction, where it represents the time in (H) and the scanning position in (I), 
but it is indicated here by the pixel number. The ordinate corresponds to the direction, along which the recording medium 

45 is sent, in which it represents the time in (H) and the transfer amount in (I), but it is indicated here by the scanning line 
number. Further, for the ordinate, the counting value of the counter 11 is written together therewith. (J) and (K) show 
the case where the screen angle data SD are B 2"; (L) and (M) the case where the screen angle data SD are u 1 "; and 
(N) and (O) the case where the screen angle data SD are "0°. 

In the case where the screen angle data SD are "3", since the counting value of the counter 11 is always "3" as 

50 indicated in Fig. 5 (H) and thus the carry signal Car of the counter 11 is always at the high level, the FF 12 is preset 
every time the level of the recording scanning signal LINE1 becomes low. Consequently the initial value of the com- 
parison data DB for every scanning line is "15" and the same operation of production of the pixel recording pulse signal 
as indicated in Fig. 1(F) is repeated. As the result the pixel recording pattern for each of the scanning lines based on 
the pixel recording pulse signal thus obtained is such that the pixels of pixel numbers 1 and 2, and 3 and 4 are con- 

55 tinuous, as indicated in Fig. 5(l). 

In the case where the screen angle data SD are "2", since the counting value of the counter 11 varies in the order 
of the scanning line number "2", "3\ "2", "3", .... as indicated in Fig. 5(J), the carry signal Car of the counter 11 repeats 
to be at the low and high levels alternately and therefore the initial value of the FF 12 for each of the scanning lines is 
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alternately "clear", "preset", "clear", ... in the order of the scanning line number. Consequently the initial value of the 
comparison data DB for each of the scanning lines is "0", when the scanning line number is odd, and "15", when the 
scanning line number is even. As the result the same operations of production of the pixel recording pulse signal as 
indicated in Figs. 1 (D) and (F), respectively, are alternately repeated. Consequently, for the scanning line having an 

s odd number, as indicated in Fig. 5(K), pixels of pixel numbers 2 and 3, 4 and 5 form pairs and their pixel recording is 
continuous. To the contrary, for the scanning line having an even number, the pixel recording of the pixels number 1 
and 2, 3 and 4 is continuous. 

In the case where the screen angle data SD are "1 ", the counting value of the counter 11 repeats a same pattern 
as "1", "2", "3", "1", "2", "3 B , as indicated in Fig. 5(L). Consequently, since the initial value of the comparison data 

10 DB for each of the scanning lines repeats "0°, "0", "15°, ... in the order of the scanning line number, the pixel recording 
pattern is such that it is indicated in Fig. 5(M). 

In the case where the screen angle data SD are "0", the counting value of the counter 11 is represented by a 
repetition of "0", "1", "2", "3". Consequently, since the initial value of the comparison data DB repeats "0", "0", °0 n , 
"15", ... in the order of the scanning line number, the pixel recording pattern is such that it is indicated in Fig. 5(P). 

75 Comparing the pixel recording patterns indicated in Figs. 5 (I), (K), (M) and (P), it can be understood that the screen 

angle of the recording pattern varies depending on the value of the screen angle data SD. 

In the embodiment described above, increase or decrease in the number of bits in the pixel depth data DA, the 
comparison data DB and the screen angle data SD, modifications in the waveform of the comparison data DB, e.g. 
modification into a form permitting to compensate 7characteristics of the printer, and further modifications of the method, 

20 by which the value of the screen angle data SD is set, are freely chosen. 

As explained above, since, in a pixel recording pulse signal generation method, by which depth data DA of each 
of pixels in an image signal are transformed into an image recording pulse signal having a time width proportional to 
the depth for each of the pixels and production of recording energy is controlled so as to be interrupted by the image 
recording pulse signal, the recording pulse signal is so produced that the rear end of the recording pulse signal of the 

25 preceding recording side pixel in a pair of pixels adjacent to an arbitrarily selected pixel in the recording scanning 
direction is in accordance with the rear end of the arbitrarily selected pixel and the front end of the recording pulse 
signal of the succeeding recording side pixel is in accordance with the front end of the arbitrarily selected pixel, pro- 
duction of recording energy is continuous between the pixels of these pairs, that is, the ratio of the areas of the unstable 
regions stated above can be reduced so that the factor lowering the image quality produced by interruptions of the 

30 recording energy and thus lowering of the image quality are alleviated. 

Figs. 3 (C) and (D) are schemes illustrating the principle of 100% UCR. 

Fig. 3(A) indicates a cross-sectional view of a structure, where yellow ink Y, magenta ink M and cyan ink C are 
printed in this order on a white paper sheet concentrically at a net point so that they are superposed on each other. A 
A sign in Fig. 3 indicates a boundary between two adjacent pixels. Fig. 3(B) indicates the same structure, for which 

35 100% UCR is effected according to the concentric solution motel As indicated in the figure, all the parts, where the 
three colors, yellow, magenta and cyan are superposed on each other so as to represent black points, are replaced 
by net points formed by black ink. Consequently, in the case where the net points (dots) of the three colors have a 
same size as the fourth pixel from the left, since they can be represented only by black net points (dots), there is no 
color shear in printing due to superposition of different colored inks and further the amount of used colored inks is 

40 relatively small. 

Fig. 3(C) illustrates an example, in which 100% UCR is effected. In this example, colored dots such as yellow, 
magenta, cyan, etc. are put to the left within the pixel and only black dots are put to the right. When dots are printed 
in this way, the black dots and colored ones are not superposed on each other by calculation of 100% UCR. Conse- 
quently there are no colored inks, which have been used in vain under black dots in the concentric solution model and 

45 the number of colored inks superposed on each other at a dot is at most 2, what reduces transfer defectives. 

Furthermore, when colored dots are put to the left side corresponding to one end of the pixel in the scanning 
direction for the first pixel (from the left); the black dot is put to the right side corresponding to the other end of the pixel 
in the scanning direction; to the contrary, for the second pixel adjacent to the first pixel, the black dot is put to the left 
side and the colored dots are put to the right and so forth, that is. the position of the colored dots and that of the black 

so dot are replaced alternately for every pixel, as indicated in Fig. 3(D), dots in two pixels adjacent to each other can be 
put together. 

When they are printed in this way, they become larger in appearance and thus the central portion of the dots can 
be used with a higher efficiency. Further, at the same time, in this manner, since printing becomes less sensitive to 
shear of different colors in printing, it is possible to realize a color reproduction with a high fidelity having no Moire fringes. 
55 Fig. 6 shows top views of the surface of the paper sheet for the embodiment of this invention indicated in Fig. 3 

(D). Fig. 3(D) is reproduced at the first line of Fig. 6. 

The first pixel is divided from the left of the pixel into four parts, i.e. a part printed double with cyan ink and yellow 
ink, a part printed only with cyan ink, a blanc part and a part printed only with black ink. Since the second pixel begins 
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from the left by a black part, the black part of the first pixel and that of the second pixel are jointed together. On the 
whole it seems that black parts and colored parts are arranged alternately. When this procedure of arrangement is 
changed also for every line as indicated in the figure, the whole print is equivalent in appearance to a dot printing having 
a screen angle of 45°. The 5-th and 6-th lines in Fig. 6 illustrate a formation of dots, which is closer to the real image. 

s Fig. 7 is a block diagram showing the construction of a circuit, in which the embodiment of this invention indicated 

in Fig. 3(D) is applied to a digital printer scanning continuously in the horizontal direction as in a television and Fig. 8 
shows schemes for explaining its working mode. In Fig. 7 equivalent or identical items are represented by the same 
reference numerals as those used for the circuits indicated in Figs. 2 and 4. 

For explaining Figs. 7 and 8 more concretely, the depth of the data DA allocated to each of the pixels of an image 

10 is represented by using e.g. a 3-bit number from "0" to V". Consequently intermediate tones can be indicated by 
intermediate values among 8. An octal binary counter 1 3 and a pixel address counter of the frame memory 1 , in which 
pixel data DA are stored, are cleared by the line synchronization signal LINE of a digital printer (e.g. laser beam printer, 
semiconductor laser printer) 77. At the same time the flip-flop (hereinbelow abbreviated to FF) 12 is set or preset 
depending on the phase data Car (cf. Fig. 4). The counter 13 counts the reference clock CLK coming from a clock 

15 oscillator 10 so that its output increases starting from "0". When the output of the FF 12 is low, the data selector 14 
outputs the output of the counter 1 3 as it is as the comparison data DB, and when it is high, the data selector 1 4 outputs 
the reversed value of the output of the counter 13 as the comparison data DB. Consequently, when the output of the 
FF 12 is low, the comparison data DB increase from °0 U to "7" and when it is high, the comparison data DB decreases 
from "7" to "0°. When the content of the counter 13 has reached "7" and returned again to n 0 n , the most significant bit 

20 MSB of the output of the counter 1 3 falls. Responding thereto, the memory 1 outputs the following pixel data and at 
the same time the FF 1 2 is reversed. Since the selector 14 reverses the comparison data by the reverse of the FF 12, 
as the result the comparison data DB begin with tt 0 D , when the phase data FD is "low", and go and return between "0" 
and "7". Therefore, they are such that they are indicated in Fig. 8(A). Further, when the FD are "high", they begin with 
"7" and go and return between "0" and M 7\ Therefore, they are such that they indicated in Fig. 8 (C). On the other hand 

2S the pixel data DA outputted by the memory 1 are inputted in the comparator 5, where it is judged which are larger, the 
inputted pixel data DA or the comparison data DB. There are two judgement outputs of the comparator 5. One of them 
is "high", if DA < DB, and the other is "high", if DA > DB. Only the latter is reversed so as to be a signal representing 
DA ^ DB and both the signals are inputted in a data selector 73. The most significant bit (MSB) of the pixel data DA 
is used as a selection signal in the selector 73, which outputs a signal, which is "high" if DA ^ DB for the DA from "0" 

30 to "3 B , and if DA < DB for the DA from "4" to "7" When this signal is imputted in a printer 77, supposing that a black 
point is printed, if the VD is high and a white point is printed, if the VD is low, the area ratio S of the black part printed 
within one pixel varies as indicated in the following table and intermediate tone printing can be effected. 



Table 1 



35 



40 



INPUTTED DATA AND AREA RATIO S OF BLACK 


DA 


S (%) 


DA 


S (%) 


0 


0 


4 


62.5 


1 


12.5 


5 


75 


2 


25 


6 


87.5 


3 


37.5 


7 


100 



In general, when area-modulation is effected by equally dividing the interior of a pixel into 2 n , (2 n + 1) different 
4S modulations are possible. Since image data are usually binary data, it is preferable to allocate the image data to 2° 
modulations. Since S = 0(%) and 1 00(%) are necessary, the area -modulation is adapted to the image data in the circuit 
according to this invention at the sacrifice of S = 50(%), which is at the middle point. 

Then, when the phase data is manipulated for every line or for every color, as indicated in Table 2, a printing 
indicated in Fig. 6 can be effected. 

50 



55 
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Table 2 
PHASE DATA FD 



" ^.Line 

Color 


1 


2 


3 


4 


• • • • • • 


Yellow 


H 


L 


H 


L 


• • • « • • 


Magenta 


H 


L 


H 


L 


• • • t • • 


Cyan 


H 


L 


H 


L 


• • • • • • 


Black 


L 


H 


L 


H 


• • • • • • 



H represents the high level* 
L represents the low level. 



This circuit needs no memory such as pattern generator, etc. and its construction is simple and fit for high speed 
operation. In addition, since the number of modulations of the area modulation is 2 n , as indicated in Table 1, it is easy 

25 to combine it with the multi -value Dither method or the multi-value depth pattern method. 

Furthermore, although the position of the dots printed within a pixel has been shifted to the left or to the right (in 
the main scanning direction x), the same effects can be obtained, also when they are shifted in the up-and-down 
direction (in the auxiliary direction y) or when they are shifted both in the left-and-right and up-and-down directions (in 
the main scanning direction x and the auxiliary scanning direction y). An embodiment in this case will be explained 

30 below, referring to Figs. 9 to 11 . 

This invention can be applied to a case where a printer is used, which can control the position of dots area-mod- 
ulated and printed within a pixel not only in the main scanning direction x but also in the auxiliary scanning direction y 
Fig. 9 is a scheme for explaining how dots of one of the colors are arranged in pixels (not visible) allocated on the 
surface of a paper sheet. Four types of dot positions, A, B, C and D, are conceivable on the basis of assumptions of 

35 a printer. In Fig. 9, there are five sorts of pixel data, i.e. from "0" to "4", which are depth data allocated to the pixels. 
"0" represents "white" and "4" "black (all over)". To the contrary "1 " ™ "3° represent half tones between them. In the type 
A, the dot enlarges, starting from the up and right corner in the pixel, with increasing pixel data. In the types B, C and 
D the dot enlarges, starting from the up and left corner, the down and left corner and the down and the right corner of 
the pixel, respectively. Consequently the printer receives the pixel data and information on the type, which are then 

40 recorded, as indicated in Fig. 9. Fig. 10 indicates information given to the printer for every pixel, in the case where the 
pixel data and the information thus received are recorded in practice, and Fig. 11 illustrates the recording result. The 

type information indicating the dot position within the pixel is given alternately for every pixel, such as A, B, A, B , 

for the first line, as indicated in Fig. 10, and alternately for every pixel, such asD, C, D, C, ... for the second line. Further, 
on and after the third line, the type information for the first line and that for the second line are given alternately and 

45 repeatedly. As the pixel data arbitrary information of "0" - "4" is allocated to each of the pixels and this figure shows an 
example thereof. The result obtained by recording on a paper sheet is such that it is indicated in Fig. 11, where four 
dots in four pixels, two adjacent pixels in the vertical direction and two adjacent pixels in the horitzontal direction, are 
printed, as if they were gathered together at the centre so as to be one point. 

According to this embodiment, the number of dots is reduced to 1/4 without lowering the resolving power between 

50 different pixels. That is, the ratio of area of the unstable region stated above is lowered and the worsening of the image 
quality is alleviated. 

Fig. 12 is a block diagram illustrating the construction of still another apparatus for realizing the method according 
to this invention. The difference from the apparatus indicated in Fig. 7 consists in that the apparatus indicated in Fig. 
12 is constructed by using a look up table memory 79 and a shift register 70 contrarily to that a data selector 1 4 and 
55 a comparator 5 are used in the apparatus indicated in Fig. 7. The memory 79 outputs an output pattern on the basis 
of the pixel data DA sent by the frame memory 1 and in-pixel phase data DFD sent by the flip-flop 12. The shift register 
70 transforms it witn a high speed by a parallel-serial transformation to form a video signal VDS. When the look up 
table is definec as follows, the apparatus works in the completely same manner as the apparatus indicated in Fig. 7. 
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Table 3 

DIGITAL VALUE (BINARY VALUE) OF PATTERN 
OUTPUTTED BY LOOK UP TABLE 



^^^^ TW-PTXFT 

PHASE 

PIXEL DATA^-^ DATA 
DA ^<£FD^ 


"HIGH" 


"LOW 


o 


0 (00000000) 


0 (00000000) 


1 


1 (00000001) 


128 (10000000) 


2 


3 (00000011) 


192 (11000000) 

i 


3 


7 (00000111) 


224 (11100000) 




31 (00011111) 


248 (11111000) 


5 


63 (00111111) 


1 

252 (11111100) 




127 (01111111) 


254 (11111110) 


7 .255 (11111111) 


255 (11111111) 



30 

The look up table memory 79 (see Fig. 13) used in this embodiment receives image data of 12 bits in total from 
the frame memories 1 y , 1 m , 1 c and 1 b storing yellow, magenta, cyan and black data, respectively, and receives also 
selection signals S 0 , for selecting necessary video signals and in-pixel phase data PFD, which can be expanded 
so that an optimum in-pixel net point arrangement can be calculated. In this case, since the position of the dot in each 

35 of the pixels can be set arbitrarily, applications as indicated below are conceivable. 

Net point printing expresses, in general, colors by addition color mixing and subtraction color mixing and in general, 
their ratio cannot be determined unequivocally, even when a same color is expressed. 

For example, in the case where red having a reduced chromaticity is expressed, it can be obtained not by super- 
posing two colors but by juxaposing them, as indicated in Fig. 14A, where magenta is put in the left half and yellow is 

40 put in the right half. However it can be obtained also by superposing the two colors, magenta and yellow, in the left 
half region. The former represents an addition color mixing of magenta and yellow and the latter represents a subtraction 
color mixing of magenta and yellow. Of course an intermediate color mixing between them can be conceived. According 
to the method of this invention it is possible to vary arbitrarily the ratio of these addition color mixing and subtraction 
color mixing. Either the subtraction color mixing or the addition color mixing can be better, depending on used inks. 

45 Therefore, by manipulating suitably this ratio of the subtraction color mixing and the addition color mixing by means of 
this apparatus, it is possible for inks to exhibit better their color expressivity and therefore a wide spread color display 
can be obtained. 

As explained above, according to this invention, since the position of the dot of every color printed within a pixel 
can be shifted up and down or left and right, it is possible to superpose inks ideally. Consequently stable dots can be 
50 formed and at the same time inks are used more usefully and saved Furthermore, by unifying reasonably net points 
(dots) of a same color, printing becomes stronger against shear, and as the result this invention has an effect that the 
image quality is ameliorated in the reproduction of full color images. 



55 Claims 

1 . A scanning laser beam printing method for recording a multi-coloured image, wherein an intensity of a colour of a 
pixel is reproduced by selecting the size of a dot to be recorded within the respective pixel and having that colour, 
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comprising the following steps: 

(a) recording a first dot of a first colour in a scanning line within a first pixel at a border of the first pixel with a 
second pixel in said scanning line, 
5 (b) recording a second dot of said first colour within the second pixel adjacent to said first dot, 

(c) recording a third dot of a second colour within said first pixel to extend from an edge of said first pixel, 
which edge is different from said aforementioned border, towards the centre of said first pixel, 

(d) recording a fourth dot of said second colour within said second pixel to extend from an edge of said second 
pixel, which edge is different from said aforementioned border, towards the centre of said second pixel, and 

10 (e) repeating steps (a) to (d) for further pairs of such first and second pixels so that first and second pixels are 

alternatingly arranged in said scanning line and in further successive scanning lines. 

2. The method of claim 1 , wherein said first colour isformed by a multi-layer structure consisting of yellow ink, magenta 
ink and cyan ink, and said second colour is formed by black ink. 

1S 

3. The method of claim 1 or 2, wherein depth data (DA) of each pixel in an image signal is transformed into an image 
recording pulse signal (S) having a time width proportional to the depth for each of the pixels and controlling the 
recording energy so as to produce said dots. 

20 4. A laser beam scanning type printing device, comprising: 

a memory means (1) memorizing depth data signals (DA) for one scanning line, 

ameans(10, 12, 13,14, 15) including a clock generator (10) and a counter (13) and producing a comparison 
data signal (DB) formed by repeating an up counting operation and a down counting operation for every pixel, 
25 a means (5, 9) comparing said depth data (DA) with said comparison data signal (DB) and thereby generating 

a pixel recording pulse signal (S), and 

a timing means (4) controlling the operation of said memory means (1), said comparison data production 
means (10, 12, 13, 14, 15) and said pixel recording pulse signal production means (5, 9), so that 
a first dot of a first colour is recorded in a scanning line within a first pixel at a border of the first pixel with a 
30 second pixel in said scanning line, 

a second dot of said first colour is recorded within the second pixel adjacent to said first dot, 

a third dot of a second colour is recorded in said first pixel and extends from an edge of said first pixel different 

from said aforementioned border towards the centre of said first pixel, 

a fourth dot of said second colour is recorded within said second pixel and extends from an edge of said 
35 second pixel, which edge is different from said aforementioned border, towards the centre of said second pixel, 

and 

further pairs of such first and second pixels are recorded so that first and second pixels are alternatingly 
arranged in said scanning line and in further successive scanning lines. 

40 5. The device of claim 4, further comprising a counter (11 ) supplied with a scan-line clock signal, the output of which 
controls said means (10, 12, 13, 14, 15) for producing said comparison data signal (DB) to change the phase of 
said comparison data signal (DB) after a predetermined number of lines so as to control the screen angle. 



45 Patentanspruche 

1 . Abtastendes Laserstrahl-Druckverfahren zur Aufzeichnung eines Mehrfarbenbilds, wobei die Intensitat einer Farbe 
eines Pixels durch Wahl der GroGe eines in dem entsprechenden Pixel aufzuzeichnenden Punkts dieser Farbe 
wiedergegeben wird, mitfolgenden Schritten: 

so 

(a) Aufzeichnen eines ersten Punkts einer ersten Farbe in einer Abtastzeile innerhalb eines ersten Pixels an 
einer Grenze des ersten Pixels mit einem zweiten Pixel in dieser Abtastzeile, 

(b) Aufzeichnen eines zweiten Punkts der ersten Farbe innerhalb des zweiten Pixels angrenzend an den ersten 
Punkt, 

$5 (c) Aufzeichnen eines dritten Punkts einer zweiten Farbe innerhalb des ersten Pixels, so daB sich dieser von 

einer Kante des ersten Pixels, die sich von der zuvor genannten Grenze unterscheidet, in Richtung zur Mitte 
des ersten Pixels erstreckt, 

(d) Aufzeichnen eines vierten Punkts der zweiten Farbe innerhalb des zweiten Pixels, so daB sich dieser von 
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einer Kante des zweiten Pixels, die sich von der zuvor genannten Grenze unterscheidet, in Richtung zur Mitte 
des zweiten Pixels erstreckt, und 

(e) Wiederholen der Schritte (a) bis (d) fur weitere Paare solcher ersten und zweiten Pixel, so daft erste und 
zweite Pixel in der genannten Abtastzeile und in weiteren folgenden Abtastzeilen abwechselnd angeordnet 
5 sind. 

2. Verfahren nach Anspruch 1 , wobei die erste Farbe von einer Mehrlagenstruktur aus gelber Farbe, Magenta-far- 
bener Farbe und Cyan-farbener Farbe und die zweite Farbe aus schwarzer Farbe gebildet ist. 

10 3. Verfahren nach Anspruch 1 oder 2, wobei Tiefendaten (DA) der einzelnen Pixel in einem Bildsignal in ein Bildauf- 
zeichnungs-lmpulssignal (S) mit einer der Tiefe der einzelnen Pixel proportionalen Pulsbreite umgewandelt wird, 
das die Aufzeichnungsenergie so steuert, daft die genannten Punkte erzeugt werden. 

4. Abtastende Laserstrahl-Druckvorrichtung, aufweisend: 

75 

eine Speichereinrichtung (1), die Tiefendatensignale (DA) fur eine Abtastzeile speichert, 
eine Einrichtung (10, 12, 13, 14, 15), die einem Taktgenerator (10) und einen Zahler (13) beinhaltet und ein 
durch Wiederholen eines hinaufzahlenden Betriebs und eines hinabzahlenden Betriebs fur jedes Pixel gebil- 
detes Vergleichsdatensignal (DB) erzeugt, 
20 eine Einrichtung (5, 9), die die Tiefendaten (DA) mit dem Vergleichsdatensignal (DB) vergleicht und dadurch 

ein Pixelaufzeichnungsimpulssignal (S) erzeugt, 

eine Zeitgeberein richtung (4), die den Betriebder Speichereinrichtung (1), der Vergleichsdatenerzeugungs- 
einrichtung(10, 12, 13, 14, 15) und der Pixelaufzeichnungsimpulssignal-Erzeugungseinrichtung(5, 9) so steu- 
ert, daft 

25 ein erster Punkt einer ersten Farbe in einer Abtastzeile innerhalb eines ersten Pixels an einer Grenze des 

ersten Pixels mit einem zweiten Pixel in der Abtastzeile aufgezeichnet wird, 

ein zweiter Punkt der ersten Farbe innerhalb des zweiten Pixels angrenzend an den ersten Punkt aufgezeich- 
net wird, 

ein dritter Punkt einer zweiten Farbe in dem ersten Pixel so aufgezeichnet wird, daft er sich von einer Kante 
30 des ersten Pixels, die sich von der zuvor genannten Grenze unterscheidet, in Richtung zur Mitte des ersten 

Pixels erstreckt, 

ein vierter Punkt der zweiten Farbe innerhalb des zweiten Pixels so aufgezeichnet wird, daft er sich von einer 
Kante des zweiten Pixels, die sich von der zuvor genannten Grenze unterscheidet, in Richtung zur Mitte des 
zweiten Pixels erstreckt, und 

35 weitere Paare solcher ersten und zweiten Pixel in der genannten Abtastzeile und in folgenden Abtastzeilen 

so aufgezeichnet werden, daft erste und zweite Pixel abwechselnd angeordnet sind. 

5. Vorrichtung nach Anspruch 4, mit einem Zahler (11 ), der mit einem Abtastzeilen-Taktsignal versorgt wird und des- 
sen Ausgabe die genannte Einrichtung (10, 12, 13, 14, 15) zur Erzeugung des Vergleichsdatensignals (DB) so 

40 steuert, daft sich die Phase des Vergleichsdatensignals (DB) nach einer vorbestimmen Zeilenzahl andert, um den 

Schirmwinkel zu steuem. 



Revendications 

45 

1. Procede d'impression par faisceau laser par balayage pour enregistrer une image multicolore, selon lequel I'in- 
tensite d'une couleur d'un element d'image est reproduite en selectionnant la dimension d'un point a enregistrer 
a I'interieur de I'element d'image respectif et ayant cette couleur comprenant les Stapes suivantes : 

50 a) on enregistre un premier point d'une premiere couleur dans une ligne de balayage a I'interieur d'un premier 

Element d'image a la limite entre le premier element d'image et un second element d'image dans ladite ligne 
de balayage ; 

b) on enregistre un second point de ladite premiere couleur a I'interieur du second element d'image adjacent 
audit premier point ; 

c) on enregistre un troisieme point d'une seconde couleur dans ledit premier 6l6ment d'image pour s'etendre 
depuis un bord dudit premier element d'image, lequel bord est different de ladite limite precitee, vers le centre 
dudit premier element d'image ; 

d) on enregistre un quatrieme point de ladite seconde couleur a I'interieur dudit second element d'image pour 
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s'6tendre depuis un bord dudit second element d'image, lequel bord est different de ladite limite precitee, vers 
le centre dudit second element d'image ; et 

e) on r£pete les Stapes (a) a (d) pour d'autres paires de tets premier et second elements d'image de facon 
que les premier et second elements d'image soient disposes en alternance dans ladite ligne de balayage et 
dans d'autres lignes de balayage successives. 

ProcedG selon la revendication 1, dans lequel ladite premiere couleur est formee par une structure a couches 
multiples constitute d'une encre jaune, d'une encre magenta et d'une encre cyan, et ladite seconde couleur est 
formee par une encre noire. 

Precede selon la revendication 1 ou 2, dans lequel des donnees de profondeur (DA) de chaque element d'image 
dans un signal d'image sont transformers en un signal d'impulsion d'enregistrement d'image (S) possedant une 
duree proportionnelle a la profondeur pour chacun des elements d'image et commandant I'energie d'enregistre- 
ment de maniere a produire lesdits points. 

Dispositif d'impression par faisceau laser de type a balayage comportant : 

un moyen formant memoire (1) memorisant des signaux de donnees de profondeur (DA) pour une ligne de 
balayage, 

un moyen (10, 12, 13, 14, 15) comprenant un generateur d'horloge (10) et un compteur (13) et delivrant un 
signal de donnees de comparaison (DB) forme en repetant une operation de comptage et une operation de 
decomptage pour chaque Element d'image, 

un moyen (5, 9) comparant lesdites donnees de profondeur (DA) audit signal de donnees de comparaison 
(DB) et generant ainsi un signal de pulsion d'enregistrement d'element d'image (S) ; et 
un moyen de synchronisation (4) commandant le fonctionnement desdits moyens formant memoire (1 ), desdits 
moyens de formation de donnees de comparaison (10, 12, 13, 14, 15) et desdits moyens de formation du 
signal d'impulsion d'enregistrement d'element d'image (5, 9), de sorte que : 

un premier point d'une premiere couleur est enregistre a I'interieur d'un premier element d'image a la limite 
du premier element d'image et d'un second element d'image dans ladite ligne de balayage, 
un second point de ladite premiere couleur est enregistre a I'interieur dudit second element d'image ad- 
jacent audit premier point, 

un troisieme point d'une seconde couleur est enregistre dans ledit premier element d'image et s'etend 
depuis un bord dudit premier element d'image different de ladite limite precitee vers le centre dudit premier 
element d'image, et 

un quatrieme point de ladite seconde couleur est enregistre a I'interieur dudit second element d'image et 
s'etend depuis un bord dudit second element d'image, lequel bord est different de ladite limite precitee, 
vers le centre dudit second element d'image, et d'autres paires de tels premiers et seconds elements 
d'image sont enregistrees de facon que les premiers et seconds elements d'image soient disposes en 
alternance dans ladite ligne de balayage et dans d'autres lignes de balayage successives. 

Dispositif selon la revendication 4, comportant en outre un compteur (11 ) alimente par un signal d'horloge de ligne 
de balayage, dont le signal de sortie commande lesdits moyens (10, 12, 13, 14, 15) pour delivrer ledit signal de 
donnees de comparaison (DB) pour modifier la phase dudit signal de donnees de comparaison (DB) apres un 
nombre predetermine de lignes de maniere a commander Tangle d'ecran. 
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FIG. I 
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FIG. 3 
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